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MEMORANDUM FOR FILE

This memorandum 1s a supplement to the Spacecraft
Weight Performance Calculations memorandum dated November 25,
196”- T

The attached equations for total spacecraft weight
at injection, LEM separation weight, and LEM weight at lunar
launch were originally worked out as a means of checking com-
puter generated values for sdme of the spacecraft sensitivities
presented in the November 25 memorandum. In addition to serving
as a check, the equations readily provided the sensitivities of
these three functions to the spacecraft weight losses due to the
use of expendables during each of the mission phases. These
particular sensitivitiles cannot readily be obtained by the com-
puter program at the present time.

The three equations have additional value in clearly
showing what parameters affect the sensitivities. The bracketed
quantities 1n each term represent the sensitivity of the entire

N function to the weight component shown in frent of each term.

‘ It can be readily seen for example, that the sensitivities to
each of the various spacecraft weight components are dependent
only on the AV budget and the engine performance parameters
(u = golsp).

Although these equations appear somewhat cumbersome,
they can serve as a quick and accurate means of evaluating the
effect of various changes in spacecraft welghts on overall space-
craft welght performance. It is only necessary to evaluate those
terms involving changes from some reference condition by multiply-
ing the amount of the change by the assoclated sensitivity. The
algebraic summation of all the terms affected will provide the
total change from the reference.

Evaluation of spacecraft weight figures reported each
month would become a relatively simple matter since the num
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The equations presented here are not necessarily
restricted to use in cases involving the same engine perfor-
mance and AV budget. They are perfectly valid for variations
in these parameters as well; however, their use is much more
tedious since these parameters appear in so many of the terms
in each of the equations. For example, to evaluate the effect
of a change in AV required for the first translunar midcourse
correction (AV..) on the total spacecraft weight at injection,
it would be ne%gssary to compute and summarize values for 20
of the 21 terms in that equation.

To avold classification of this memorandum, numerical
values for bracketed terms of these equations based on the
present engine performance and AV budget have not been inecluded.
Values for all terms except those involving expendables
(EXl THRU EXj7) are avallable in the spacecraft sensitivities
presented in the November 25 memorandum. The sensitivities to
the weights of spacecraft expendables can be obtained by con-
tacting the author.
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* DEFINIT/ION OF SYMBOLS

LAg = FINAL WEIGHT OF LEM-ASCENT STAGE
LDg = FINAL WEIGHT OF LEM-DESCENT STAGE
CSME « FINAL WEIGHT OF COMMAND £ SERVICE MODULES

CREW = WEIGHT OF CREWE EQUIPMENT TRANSFERRED 70LEM

Uy = go ISP OF SERVICE MODULE ENGINE
Uos Go T3P OF LEM-RCS ENGINES

Uy= Go ISP OF LEM-ASCENT ENGINE
Us=Go Isp OF LEM=-DESCENT ENGINE

AV) = OV FOR TRANS-EARTH MIPCOURSE CORRECTION “3

AVz = " " " " o ]

AV3 = n " " " T . .M> #/

AVas n " TRANS-EARTH INJECTION o

AVs= n v LEM RESCUE

AV = 1 0 RENOEZVOUS AND DOCKING .
AV 2 M u LEM AIIDCOURSE CORRECTION R L

AVg= » 4 LUNAR LAUNCH e

AVo= 4w
AV[O -« N . "
AVis o w

TRANSLATION AND TOUCHDOWN .

DESCENT

70 200 FEET

TRANSFER ORBIT INSERT/ON

AV/R = 4 1 LEM SELPARARAT/ION

AVid=s 4 W LUNARR ORB)T /NSE/??'/OA/

AVie=m w  w TRANS-LUNAR MIDCOURSE CORRECTION *3

AViste w ” " " /?” o /" 22

AVie= w ” " ’” 7 - w Ly

EX, = EXPENOABLE: USED BETWEEN ENTRY AND TRANS-ERRTH MIOCOURSE CoRRECTIN 43
- EX2 = "o “w " 776’/9/\/6'- EAR T3 AvcC £3 prl Mcc #2
- EX3 = v o 7 ” “ p MEC 2  ANO Acc e/ »
- EXq = " p ” v W MECT] AND TRANS-ERRIH INIEETION
- EXs =~ ” W BY CSM FROM LEM SEPARATION UMTIL LEM FETLIAA

EXe = " o w BY Lerm DURING RENYDEZVOUS ANEL Dockirs
- EXq = " LW BY LEM BETWEEN LEM MCC AD RENDEZVOUS ANG DECKmG
- EXg = " n . BY LEM BETWEEN LUNARR LAUNCH AMND LELY MCC
~EXg = w 4 Y LEM ON LUNRR SURFACE
- EXio = " Cw BY LEM BETWEEN mﬂu:Mr/aA(,'d’ TIUCHAOIA, D DESCEAT
- EXy = n 0w BY LEM SeriEERS DESCENT AND TRANSEER CREIT INSERTIGN
~EXpz = " n BY Ler CGETWEEN TRAMNSFER opa/rmsa?r/w,é LEM SEFGRATION
~-EX)3 = " N IN LURIRR ORBIT FPRIOR Td LEM SELCACATAN
EX)4 = "o W BETINEEN LUNAR ORI INSERIION AMND TR¥uS L c/adiid rMcc +3
EXws = w4 rmu.nuuee MCC #IF PO MAHZ .
CEXre = N v e TR MCcH2 W rMcc/ )
EXez = u .

oo Chcc¥? e - TRANSLLINAR 7O
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